A Quasi-Analytical Method for Non-iterative 
Computation of Nonlinear Controls 
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Coupling of Spacecraft Structural Modeling with Dynamics/Controls 
Analysis , Design, and Implementation* 
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the above figure is from our book: 

Junkins, J. L. and Turner, J. D. , Optimal Spacecraft Rotational Maneuvers . Elsevier, 1986. 
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plus boundary conditions: zto) = z , p(t f ) = Sz(t f ) 



Two Point Boundary Value Problem 
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Due to the nonlinear terms in h(X.t), exact analytical solutions of Eq. (4) are 
most often impossible . A variety of iterative techniques are available; they 
are often expensive due to initial ignorance of a "good starting estimate" {of 
P(t 0 ) or pdj.) ) required for reliable convergence . We seek to avoid iteration 

through use of a perturbation method & "quasi-analytical" integration. >» 


The Asymptotic Expansion of the Necessary Conditions 
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But... how do we make efficient algorithms? Does convergence occur in the ” real world”? Can the 
above be implemented in a way which automates the algebra usually associated with perturbation 
methods? What about secular terms? Does this approach apply to systems of non-trivial dimen- 
sions & "messy” nonlinear terms? We have made some progress in answering these questions. 
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For large N, we can use superposition & keep the order of the matrix exponentials small .... thus 
the response to a relatively arbitrary g^t) can be calculated via matrix exponentials. 


Control Rate Smoothing & State Vector Augmentation 
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Subject to: i=Az + Du- The necessary conditions have the identical 
form as those developed in the foregoing. Penalizing the control derivatives 
has been found most constructive in frequency -shaping the torque 
profiles to decrease excitation of the poorly modeled higher frequency modes. 
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Case 1 Numerical Results for the TPBVP Solution 
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Case 1 Optimal Detumble ! Attitude Acquisition Maneuver 
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DraperIRPL Configuration: First Eleven in-plane Vibration Modes 
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second cantilever modes 



Case 2 Numerical Results for the TPBVP Solution 




(In plane) -0.960E-3 -0.120E-5 -0.217E-8 

(out-of -plane) 0.317E-2 0.293E-4 -0.474E-5 








Optimal Maneuver with Vibration Suppression! Arrest 










A novel optimal control solution process has been developed for 
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Junkins, J.L., "Comment on Optimal Feedback Slewing of 
Flexible Spacecraft," AIAA 82-4131, Journal of Guidance and 
Control, Vol. 5, No. 3, Mav-June, 1982, p. 318. 
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